Introduction {#sec1-1}
============

Reproduction is the fundamental biological process of life essential for the continuation of the species. It depends on the fertility status of the male and female partners involved. As the prevalence of infertility is increasing, the brunt of infertility management is felt by the medical field. Worldwide surveys have shown that almost one in every seven couples faces problems of infertility. In India, the infertility rate is 9% of the reproductive population, which means almost 12 to 18 million couples visit infertility clinics annually for treatment. Of the total infertility cases, 50% are due to the male factors. Hence, in andrology, rapid advances with a lot of sophisticated and expensive newer diagnostic methods are emerging. This requires a very sophisticated infrastructure and trained personnel which may not be available at peripheral medical centers. Further this battery of investigations leads to a huge financial burden on the couple as well as the society which is beyond the reach of the economically compromised population in a developing country like India. In such a scenario, semen analysis forms the basic, cost-effective, and non-invasive investigation for screening of such a large number of patients.

In a semen sample, apart from spermatozoa there may be a variable number of non-sperm cells. In a routine semen report, they are mentioned as "round cells" without further differentiating them into leucocytes or immature germ cells. This could be because of the difficulty in identifying and differentiating those cells in an unstained wet preparation.\[[@ref1]\] They could be either inflammatory cells, most commonly leucocytes or cells of immature spermatogenic series. The WHO manual for semen analysis quotes that if the round cells are more than 1 × 10^6^/mL, they should be differentiated to see for leucocytes.\[[@ref2]\] Review of the literature clearly indicates that a differentiation of "round cells" into cells of spermatogenic and non-spermatogenic origins is important for a more accurate semen report.\[[@ref3][@ref4][@ref5]\] The inclusion of all "round cells" into one group may increase the risk of misinforming the treating clinician.\[[@ref6]\] Hence, there is a need for initial screening and differentiation of round cells into immature germ cells and leucocytes with a simple and cost-effective method. The aim of the present work was to study the round cells by a simple staining method and their differentiation and quantification into leucocytes and immature germ cells and then comparing these with sperm counts and motility.

Materials and Methods {#sec1-2}
=====================

Semen jars, glass slides, centrifuge, fixative, Leishman stain, and microscope with an oil immersion lens were used. After the approval of the ethical committee, primary data was collected. It comprised of 120 semen samples collected in the laboratory from males coming for semen analysis for routine infertility work-up, at the Medical College Hospital laboratory and other private laboratories on request during the period of 24 months starting from August, 2009. A written, informed consent was obtained prior to collection and samples were collected by masturbation into a clean wide-mouthed plastic semen container. Semen parameters were recorded. Using a drop of semen, smears were prepared by the feathering method given in the 5^th^ edition of the WHO manual for semen analysis.\[[@ref7]\] Smears were stained by the standard staining method using Leishman stain.\[[@ref8][@ref9][@ref10]\] The round cells were counted and differentiated into immature germ cells and leucocytes. The data was tabulated in the master chart.

Results {#sec1-3}
=======

Routine semen parameters like the total count and motility were recorded. Smears in duplicate were seen under oil immersion lens of microscope for differential counts of round cells into immature germ cells and leucocytes. Cells were identified according to their size, shape, and morphology.\[[@ref3][@ref6]\]

Immature germ cells mainly seen were primary spermatocytes, identified by their large size, large spherical nucleus with wooly appearance and evenly distributed chromatin granules \[[Figure 1](#F1){ref-type="fig"}\]. The next common were spermatids which were smaller, round to oval cells with a dark nucleus \[[Figure 2](#F2){ref-type="fig"}\]. Sometimes occasional bi-nucleate cells--- secondary spermatocytes---were also seen. Leucocytes were differentiated by their smaller size and multilobed nuclei.

![Primary spermatocytes (Leishman stain, ×100)](JCytol-30-185-g001){#F1}

![Spermatid (Leishman stain, ×100)](JCytol-30-185-g002){#F2}

The cases were divided into four groups based on total sperm counts as shown in [Table 1](#T1){ref-type="table"}.

###### 

Distribution of cases according to total sperm counts

![](JCytol-30-185-g003)

The differential counts in each group are shown in [Graph 1](#F3){ref-type="fig"}. Group II was further divided into group IIA , which showed immature germ cells and group IIB which showed only leucocytes. It was seen that in group I and group IIA, which had a normal total count, the average number of round cells were 3.6 and 4.3 million/mL out of which average number of immature germ cells were 3.2 and 3.6 million/mL, respectively. While in group III, the round cells were 3.5 million/mL out of which 2.8 million/mL were immature germ cells. In group IIB, there were no immature germ cell rather all leucocytes with an average of 1.2 million/mL. In group IV, having azoospermic cases there were 0.8 million/mL round cells in which all were leucocytes and no germ cells were seen. In all other groups, the number of leucocytes averaged between 0.4 and 0.8 million/mL.

![Distribution of round cells (RC) -- Immature germ cells (IGC) and leucocytes](JCytol-30-185-g004){#F3}

Statistical Analysis {#sec1-4}
====================

The round cells were counted as percentage of the total count and it was seen that their percentage went on increasing as the total counts went on decreasing. Statistical analysis of correlation showed that there was weak negative correlation between immature germ cells and total counts with Pearson correlation coefficient −0.130 and the X^2^ test showed no statistical significance, *P* = 0.128.

The percentage of immature germ cells steadily increased as the total counts decreased. The total count was compared with the immature germ cells expressed as percentage of the total count, it showed negative correlation and the results were such that the ratio of germ cells to total counts is more informative than the germ cell counts alone \[[Table 2](#T2){ref-type="table"}\].

###### 

Group-wise distribution of percentage of immature germ cells

![](JCytol-30-185-g005)

There was a negative correlation between motility and sperm count with a correlation coefficient of −0.441 and was statistically significant by the X^2^ test with *P* = 0.00.

The occurrence of leucocytes was correlated with total sperm counts and showed a negative correlation with Pearson correlation coefficient being −0.262.

Discussion {#sec1-5}
==========

In clinical andrology, the basic investigation for male infertility is semen analysis which gives a lot of information. In this study, our results showed that all the patients had round cells in their semen in the range between 2.8% and 8.2% of the total count. Our results are comparable to the study by Fedder *et al*.\[[@ref3]\] who mention that non-sperm cells form less than 15% of the total count. The round cells were further studied by using a simple staining method\-\--Leishman stain. The review article by Johanisson *et al*.\[[@ref9]\] which evaluates the morphological differences between "round cells" in semen states that, there is no difference between the size and shape of neutrophils as seen on peripheral blood smears and stained semen smears. The Leishman stain is routinely used in the laboratories for staining blood smears and the pathologist is well versed with the methodology. Keeping this in mind we have used the Leishman stain for the differential counts in semen.\[[@ref8]\]

The differential counts of round cells showed that out of the total round cells, 80% to 90% were immature germ cells and 10% to 20% were leucocytes. The studies by Fedder *et al*.,\[[@ref3]\] Gandini *et al*.,\[[@ref1]\] and Ariagno *et al*.,\[[@ref11]\] reported similar values. When the total count and occurrence of germ cells was correlated it showed a negative correlation. This compares favorably with a study by Fedder *et al*.\[[@ref3]\]

Our results of correlation between germ cells and motility are also similar to those observed by Auroux *et al*.\[[@ref12]\] who found a negative correlation between number of non-sperm cells and initial sperm motility and a positive correlation between immature seminal line elements and teratozoospermia. Hence, the presence of immature germ cells and low motility can be the cause of male sub-fertility in spite of normal sperm counts. The inclusion of immature germ cell concentration in every semen analysis report will definitely be a useful tool in the diagnosis of the cause of infertility. Moreover, the counting of these cells could be a good indicator of a dysfunction at the testicular level. It may give us information about germ cell maturation arrest which is associated with increased shedding of germ cells from spermatogonia to spermatocytes and spermatids in semen.

The occurrence of leucocytes was correlated with total sperm counts and showed a negative correlation, such a negative correlation was also seen in the study done by Politich *et al*.\[[@ref13]\] The findings in a study by Wolff\[[@ref14]\] mention that the prevalence of leucocytospermia more than 10^6^/mL was seen in approximately 10-20% of patients of male infertility and the presence of white blood cells (WBCs) can affect sperm function. According to WHO manual, 1 × 10^6^/mL is considered the threshold value for leucocytes in semen. The results in our study can be suggestive of inflammatory condition of male genital tract. Thus, this simple, cost-effective test can aid the diagnosis and justify the use of antibiotics.

The inclusion of immature germ cells and leucocytes in the semen analysis done for the initial screening of patients of male sub-fertility can help to categorize the patients. Depending on this, those having leucocytospermia can be subjected to further investigations like reactive oxygen species or immunofluorescence microscopy. Some patients are sub-fertile even when the sperm counts are normal and may have high immature germ cell counts. These patients can be segregated and further analyzed for cytogenetic studies for sperm deoxyribonucleic acid (DNA) damage or DNA fragmentation index which may be the cause of sub-fertility.\[[@ref15]\] This will enable the use of sophisticated and expensive tests on a select group of cases, hence reduce the financial burden on the patients as well as work load on the laboratories.

The method of staining the centrifuged pellet of semen can be used in samples from non-obstructive azoospermic patients. This can be a very simple method to identify germ cells in these cases. In this study, there were six azoospermic samples all having absence of fructose and immature germ cells which confirmed obstructive azoospermia. Thus, the presence of germ cells can easily and definitely differentiate non-obstructive from obstructive azoospermia.\[[@ref16]\]

Recent research in andrology has advanced to such an extent that the immature germ cells (spermatids) in semen samples from azoospermic cases can be injected into the oocyte by intra-cytoplasmic sperm-injection technique producing viable embryos. This is really a boon for the azoospermics. The germ cells can also be identified and isolated, then used for in-vitro culture. By recent micro-manipulation techniques, these immature cells can be used for in-vitro fertilization.\[[@ref17]\] These isolated germ cells can be studied by cytogenetics for chromosomal aberrations -- numerical or structural. Various andrological pathologies like cryptorchidism and testicular cancers can be diagnosed, for example data regarding hyperploidia of chromosome one in seminoma and carcinoma *in-situ* of testis could aid the diagnosis by studying the germ cells in semen instead of going for invasive testicular biopsies.\[[@ref1]\] Hence, the identification and isolation of immature germ cells can be useful for diagnosis, treatment, and research purposes.

To conclude, round cells and their differentiation into immature germ cells and leucocytes can add valuable and clinically relevant information to the semen report, which could be obtained by rather cheap yet quite rewarding simple staining procedures. The differential count must be included in every semen analysis report, which is performed as an initial screening test of the masses. In a developing country like India, with a huge load of patients, it serves as the cost-effective screening test so as to clinically evaluate and correlate infertile males so that only a select number of cases can be subjected to sophisticated, expensive, or invasive investigations as per the need. This reduces the social and economical burden on the couple and the family. The immature germ cells in semen can be identified, separated and isolated for diagnostic and cytogenetic studies. Furthermore, many studies can be undertaken from different parts of our country for correlation of germ cells with total count and motility, their further clinical follow-up regarding treatment and pregnancy outcome, and can be used in future for sperm micro-manipulation and in-vitro fertilization techniques.
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